We report the successful growth of tetragonal FeS film with one or two unitcell (UC) thickness on SrTiO3(001) substrate by molecular beam epitaxy. Large lattice constant mismatch with the substrate leads to high density of defects in single UC FeS, while it has been significantly reduced in double UC thick film due to the lattice relaxation. The scanning tunneling spectra on the surface of FeS thin film reveal the electronic doping effect of single UC FeS from the substrate. In addition, at the Fermi level, the energy gaps of approximate 1.5 meV are observed in films of both thicknesses at 4.6 K and below. The absence of coherence peaks of gap spectra may be related to the preformed Cooper-pairs without phase coherence.
The discovery of interface-enhanced high-temperature superconductivity in FeSe/SrTiO3(001) has attracted tremendous attention recently. Single unit-cell (UC) FeSe film grown on SrTiO3(001) substrate has a superconducting gap of about 20 meV and the superconducting transition temperature may be as high as 109 K [1, 2] , which is extremely enhanced compared with that of bulk FeSe [3, 4] . However, both single UC FeSe film grown on graphene substrate and double UC FeSe film grown on SrTiO3(001) substrate are non-superconducting [1, 5, 6] . This intriguing observation has immediately inspired an impressive amount of experimental and theoretical studies in order to clarify the hidden physical mechanism of this novel high-temperature superconductivity [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Now, it has already been widely believed that it originates from interfacial superconductivity, in which the interface charge transfer and interfaceenhanced electron-phonon coupling play essential roles together [21] .
The interface-enhanced high-temperature superconductivity has also been observed in many other interfacial material systems [22] [23] [24] [25] . However, so far, most of these interfacial material systems are combined single UC FeSe film with various substrates. If we combine SrTiO3(001) substrate with other single UC film instead of FeSe, it is natural to ask whether the interface-enhanced high-temperature superconductivity exists in this interfacial material system or not. This study can help us to further understand the origin of interface-enhanced high-temperature superconductivity but also broaden the way to search for more superconducting interfacial material systems.
Bulk tetragonal FeS has very similar lattice structure and band structure with FeSe and is also superconducting with a superconducting gap of about 1 meV and the superconducting transition temperature is 4.5 K [26] [27] [28] [29] [30] [31] [32] . In this paper, we successfully grow tetragonal FeS film on SrTiO3(001) substrate by molecular beam epitaxy (MBE).
Combining low-temperature growth and high-temperature post-annealing in vacuum, sample quality has been significantly improved. The lattice structures and electronic structures of single UC and double UC FeS are revealed by in situ ultra-low- FeS is a metastable phase comparing with more stable hexagonal phases, which makes it quite challenging for the MBE growth. In the growth progress, it always shows mixture of both phases under most conditions, which limits the quality of epitaxial tetragonal FeS film. We introduce SrTiO3(001) substrates with square lattice on the surface to obtain the pure tetragonal phase.
We investigated the effects of substrate temperature on the MBE growth. epitaxial FeS film has a better morphology, but the quality of crystallization is relatively lower. When the substrate temperature is raised to 400 °C, the epitaxial FeS film begins to decompose and the morphology becomes poorer while the quality of crystallization becomes better and the tetragonal lattice of FeS film can be clearly observed in the atomic-resolved images (Fig. 1d) . With further increasing of the substrate temperature to 450 °C, the surface morphology becomes better again, while the epitaxial FeS film is totally changed to the more stable hexagonal phase. Therefore, the quality of asgrown FeS film is not high enough and needs to be improved by post-annealing in vacuum. Only using the combined method of low-temperature growth and hightemperature post-annealing in vacuum can the high-quality epitaxial tetragonal FeS film be obtained. The optimal substrate temperature for the tetragonal FeS film growth is 250 °C. Through the above experiments, we have found the optimal growth conditions and achieved the pure tetragonal FeS film with one or two UC thickness on SrTiO3 (001) substrate. Fig. 4a shows the typical STM topographic image of epitaxial FeS film grown under the optimal growth condition and Fig. 4b , c show the atomic-resolved STM images of single UC FeS and double UC FeS, respectively. The epitaxial single UC FeS has a tetragonal lattice structure and its in-plane lattice constant is 3.81 Å, which is between the SrTiO3(001) substrate (3.91 Å) and the bulk material of FeS (3.68 Å) [27] .
Large expansion of in-plane lattice constant indicates that there is a strong interaction with the SrTiO3(001) substrate, forming a large stress in the epitaxial film. The epitaxial double UC FeS also has a tetragonal lattice structure and its in-plane lattice constant is 3.69 Å, which is almost the same as that of the bulk FeS, indicating the stress has almost been fully released. In addition, the epitaxial double UC FeS has less defects compared with the single UC FeS as shown in Fig. 4b , c.
Then we studied the electronic properties of the epitaxial FeS film through STS. was also observed in the single UC FeSe on SrTiO3(001) substrate [7] . To further check this energy gap is a superconducting gap or not, the tunneling spectra of double UC FeS were also measured under the perpendicular magnetic field.
As shown in 
